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Introduction 

 Food allergies are a pressing public health problem that is on the rise in the U.S. Approximately 3-6% of the U.S. 

population has a food allergy, which is an increase of 18% from 1997 to 2007 (Sicherer 2011, Branum & Lukacs 2008). A 

food allergy is a reproducible adverse physical reaction caused by an anomalous immune response to a given food 

(Sicherer 2011). The characteristic symptoms of a food allergy include hives/skin rash, itching, wheezing, gastrointestinal 

problems, and even trouble breathing or death (NIH 2011). The most common food allergies are peanut, hen’s egg, cow’s 

milk, and tree nut (Sicherer 2011). Food allergies alone are the leading cause of death by anaphylaxis in the U.S. (Food 

Allergy Research & Education 2017). Food allergies are a cause of significant morbidity and mortality in the U.S., and the 

cause to their recent rise is unknown.   

 A food allergy significantly burdens a person’s life and reduces their overall quality of life. A study by Flokstra-

de Blok et al. has shown that food allergic patients reported lower overall qualities of life compared to non-food allergic 

counterparts (Flokstra-de Blok et al. 2009). Currently, there is no cure for a food allergy, and the only way for food 

allergic individuals to avoid serious side effects is to avoid the allergen completely. However, recent evidence suggests 

that while there is no cure for existing food allergies, there may be a way to prevent them from developing.  

 Previous guidelines for common food allergens advised avoidance of allergens in infancy and after the diagnosis 

of a food allergy. These guidelines have not caused the rates of food allergies to decrease, instead they have increased 

(Allen et al. 2009). One of the foremost studies in the field of early introduction of allergens, the Learning Early About 

Peanut allergies (LEAP) showed in a large Randomized Clinical Trial (RCT) that the early introduction of peanut to 

infants rather than avoidance will significantly reduce the incidence of peanut allergy in children (Du Toit et al. 2015). 

With these data in mind, the National Institute for Allergy and Infectious Diseases (NIAID) has revised their guidelines 

and now recommends early introduction of peanuts to infants beginning at 6 months of age (NIAD nd). The early 

introduction of allergens during infancy is important because it is during this stage of development that the immune 

system is learning what is foreign and what is not, and exposure to food allergens during this period may lead the body to 

recognize them as something that is non-harmful rather than something that is foreign.  

 This meta-analysis will attempt to uncover whether the findings from the LEAP study can translate to food 

allergens in general. Specifically, will the early introduction of food allergens reduce the risk for developing a food 

allergy? In this meta-analysis, I performed a literature review of the subject and isolated eight articles in which I could 



Grant Rosensteel 3 
 
extract information on the effect of early introduction of food allergens. The results of this analysis have the opportunity 

to redefine how food allergies are thought of in both the medical and public health communities as well as removing the 

fear that many parents have about not being able to do anything about food allergies in their children.   

Methods 

 I performed a literature review about the early introduction of food allergens on PubMed via the Georgetown 

University Dahlgren Memorial Library. The search terms: "early introduction" AND ("food allergy" OR "peanut allergy" 

OR "egg allergy" OR "milk allergy" OR "nut allergy" OR "fish allergy") returned a total of 66 articles. I then proceeded to 

read the abstracts of all 66 articles and excluded any articles that were review, not in English, not relevant to the subject of 

early introduction of food allergy, and not of a Randomized Control Trial/Case-Control/Cohort study design. Following 

the exclusion process, 8 of the original 66 articles were identified as potentially useful. All 8 of these articles were then 

read and deemed to be eligible to include in this meta-analysis on the basis that they studied the topic of the early 

introduction of food allergens and had data on the number of food allergic and food tolerant individuals (used for 

calculating the study statistic). 

 The following information was extracted from each article: authors name, location of the study, type of study, 

year of publication, sample size (N), method for assessing the exposure, method for assessing the outcome, and the 

information necessary to calculate the study statistic (Odds Ratio or Relative Risk) and 95% Confidence Interval (CI). In 

order to calculate the study statistic, the number of individuals that avoided the food allergen in question (controls) and 

the number of individuals that had early introduction of the food allergen (treatment) were isolated and used for analysis.  

 To quantitatively analyze the data from each study and compare between studies, I constructed a forest plot of all 

8 studies using Evidence Partner’s Forest Plot Generator. I then performed a sub-set analysis to analyze the differences in 

the results from studies that examined multiple allergens to those that only examined a singular allergen by constructing 

forest plots using Evidence Partner’s Forest Plot Generator for each group. Each forest plot included the name of the first 

author, year of publication, study statistic, 95% CI, and sample size.  
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Results 

 The meta-analysis included 8 English language studies that examined the effects of the early introduction of one 

or more food allergens on preventing food allergy. The information extracted from all 8 articles can be viewed in Table 1. 

This table contains the first author’s last name, year and location of publication, study design, number/type of allergen 

studied, sample size (N), method of testing for the presence of a food allergy, method for testing exposure, study statistic, 

and 95% CI.  

 Most of the studies (6 of 8) examined only a singular allergen (peanut, cow’s milk, egg) and 2 studied many 

allergens (food allergies in general). All the studies have been published since 2014 with 6 of 8 published in 2016. Only 2 

of the 8 studies included were conducted in the United States, with 3 from both Japan and the United Kingdom. The U.K. 

is a pioneer in the field of early introduction of food allergens as the seminal study (LEAP by Du Toit et al. 2015, #2) was 

conducted in the U.K. The studies included in this meta-analysis encompassed all acceptable study designs with one 

cohort, 3 case-controls, and 4 RCTs. All of the studies also had large sample sizes (N>96 with a maximum of N=1162). 

Overall, the studies included represent a diverse set of studies in which the answer to the question of whether the early 

introduction of food allergens reduces the risk of developing a food allergy can be found.   
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Table 1. Summary of all 8 studies included in the meta-analysis. 

 

 To compare the study statistic and 95% CI between studies in a more visual manner, Figure 1, a forest plot of all 

8 studies was created. A few major trends are apparent in this forest plot. Most of the studies (6 of 8) showed that early 

introduction had significant protective effects on the development of food allergy. These 6 studies had Odds Ratios (OR) 

or Relative Risks (RR) between .01-.5 and 95% CI ranging from .01-.65. Only two studies were not significant as their 

95% CI’s overlapped one. These two studies were two of the largest (N= 1162, N=516) and both had large confidence 

intervals.  

 

 

 

 

 

 
First 
Author’s 
Last 
Name 

Year of 
Publication 

Location Study 
Design 

Number 
of 
Allergens 
Studied 

N Method of 
assessment 
for food 
allergy 

Method of 
assessing 
exposure 

Statistic 95% 
CI 

1 McGowan 2014 USA Cohort Many 516 IgE blood 
level 

Questionnaire RR: 
1.06 

.83-
1.37 

2 Du Toit 2015 UK RCT One 
(Peanut) 

628 OFC Questionnaire RR: .19 .10-
.36 

3 Perkin 2016 UK RCT Many 1162 OFC Questionnaire RR: .79 .51-
1.23 

4 Natsume 2016 Japan RCT One (Egg) 96 OFC Food Diary RR: .11 .03-
.46 

5 Du Toit 2016 UK RCT One 
(Peanut) 

550 OFC Questionnaire RR: .26 .14-
.46 

6 GreenHawt 2016 USA Case-
Control 

One 
(Peanut) 

640 OFC Questionnaire OR: .22 .07-
.65 

7 Onizawa 2016 Japan Case-
Control 

One 
(Cow’s 
Milk) 

153 IgE blood 
level 

Questionnaire  OR: .04 .01-
.17 

8 Sakihara 2016 Japan Case-
Control 

One 
(Cow’s 
Milk) 

374 OFC Questionnaire OR: .11 .05-
.24 
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Figure 1. Risk of Developing Food Allergy After Early Introduction of Food Allergen, All studies. 

 

 Further analysis of the forest plot of the studies revealed a pattern. Both studies that were non-significant were 

studies that examined multiple allergens. Figures 2 and 3 show the forest plots for the studies that examined a singular 

allergen and those that examined more than one allergen, respectively. By isolating the McGowan 2014 and Perkin 2014 

studies from the rest of the studies, a clear pattern emerges. The pattern suggests that studies that examined a single 

allergen show that the early introduction of food allergens consistently and significantly produced protective results, 

whereas studies that examined multiple allergens showed that early introduction is neither protective nor increases risk for 

developing a food allergy.  

Figure 2. Forest Plot of Studies Examining a Singular Food Allergen 
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Figure 3. Forest Plot of Studies that Examined More Than One Food Allergen. 

 

 

Discussion 

 The meta-analysis of the 8 studies that examined the association between the early introduction of food allergens 

and the development of food allergy revealed that in the majority of the studies (6 of 8), the early introduction of a 

singular food allergen was protective for the development of the corresponding food allergy. The sub-set analysis showed 

that there is a clear difference in the significance in the associations between the risk factor of early introduction and the 

outcome of food allergy which is dependent on the number of allergens that the study included in their analysis. Studies 

that included only a singular food allergen all showed significant protective effects from the early introduction of a food 

allergen on the development of the corresponding food allergy, whereas the studies that included multiple allergens 

showed no significant protection or risk. This suggests that these types of studies are not ideal for examining the benefit or 

risk of early introduction. These two studies (McGowan 2014 and Perkin 2014) calculated their study statistic using total 

allergic and non-allergic individuals which may include some confounding variables or nuanced interactions that we may 

not be aware of.  

 The 8 articles that were included in this meta-analysis were relatively strong studies, as most were RCT. RCT are 

especially important for answering this research question because they are designed in such a way that eliminates 

confounding and proves causality. So, even though 2 of the 8 studies had non-significant results, most of the RCT that 

were included showed that early introduction was significantly protective. A pitfall of these studies is that they were not 

long term longitudinal cohort studies or long term RCT. It is essential to uncover whether or not the effects of early 

introduction persist throughout life, and not just for a few years after the treatment. For early introduction to be a truly 
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viable way to prevent food allergies, these types of studies are needed to confirm that time will not dilute the effects of the 

treatment.  

 Almost all the studies in this meta-analysis (7 of 8) measured exposure to the food allergen via a parent 

questionnaire. This is a concern as questionnaires are not the most reliable tool to collect unbiased data. There can be 

multiple kinds of bias in food frequency questionnaires, including information bias and reporting bias. Poorly designed 

questionnaires can introduce bias if they are not written in a way that is objective and does not influence the respondents 

answer in any way. Poorly worded questions can influence the accuracy of the responses if the respondent feels shameful 

for their response. Also, mothers may be more likely to inaccurately report data as they have a vested interest in the health 

outcome of their children so they may report things that other non-vested individuals may not. Additionally, 

questionnaires may lead to information bias if they fail to accurately capture exposure.  

 One of the methods that two of the studies (McGowan 2014 and Onizawa 2016) used to determine whether 

participants were food allergic was the IgE allergen specific blood test. The use of this test is contentious because it can 

result in false positives (FARE 2017). The IgE blood tests for the presence of antibodies specific to food allergens, and a 

person can get a positive result even if they do not display a clinical food allergy. This results in a low specificity because 

the test produces a high number of non-allergic individuals that test positive. Using an Oral Food Challenge (OFC) is the 

more reliable test as there are very low rates of false positives. Another weakness of the studies is that they did not give 

the same amount of food allergen to the treatment group. Some studies prescribed 2 grams of food allergen per week, 

some prescribed more, some prescribed less. This is an issue because there is not consistency across the studies, and there 

could be a dose response relationship between the amount of allergen that was given via early introduction and the 

protection of food allergy. Also, overall these studies lack external validity. Many of the studies only included children 

that were high risk for food allergy (had eczema or had a family history of allergy), or those with a different existing food 

allergy. Only including high risk individuals is an overall weakness because these studies lack external validity as they do 

not accurately represent the larger population of children.  

 Future studies could consider the short comings of the 8 studies included in this meta-analysis. Future studies 

could include long term RCT/cohorts to assess the longevity of food tolerance, they could refrain from using food 

frequency questionnaires to avoid information and reporting bias, they could all prescribe a standardized amount of food 

allergen to introduce to avoid any anomalies due to a possible dose-response relationship, they could randomly sample 
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children from all risk factor groups, not just that are high risk, and they could test for the presence of a food allergy with 

the gold standard OFC test.  

The LEAP study provided findings strong enough to change the guidelines for the introduction of peanut to 

infants from avoidance to early introduction. More studies need to be conducted in order to see whether this can be done 

for all common food allergens. Conducting additional studies that examine the effects of early introduction of a singular 

food allergen with the aforementioned corrections would bolster the confidence of the finding from this meta-analysis that 

the early introduction of food allergens to infants does decrease the risk for developing a food allergy.  
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